Oxamyl is a carbamate insecticide used to control a broad spectrum of insects. It can also affect non-targeted organisms when applied incorrectly. The world food production depends partially on honeybee pollination abilities and therefore it is directly linked to the health of bees. The success of the colony development depends, among other factors, on the health of the larvae. The first 6 days are crucial for their development. In this stage, the worker larvae grow exponentially and may be exposed to xenobiotics via their diet. In this study, we investigated the effect of oxamyl on honeybee larvae (Apis mellifera) by monitoring the changes in their antioxidant enzyme system. The activities of superoxide dismutase, catalase and glutathione-S-transferase were determined in the homogenates of in vitro reared honeybee larvae after their single dietary exposure to oxamyl at doses of 1.25, 2.5, 5, 10 and 20 µg a.i./larva (a. i.-active ingredient). The doses of oxamyl did not cause statistically significant changes in the activities of the enzymes. Even a slight activation of these enzymes protected the larvae from the adverse effects of the reactive oxygen species (ROS). Marked changes in both the enzyme activity and the content of lipid peroxidation products were observed at the oxamyl dose of 10 µg a. i./larva. This fact may indicate a potential oxidative damage to the larvae. These results allowed us to assume that the toxic effects of oxamyl involves not only the inhibition of acetylcholine esterase but is also associated with ROS production. 4. Bradford, M. M., 1976: A rapid and sensitive method for the quantification of microgram quantities of protein utilizing the principle of protein-dye binding. Anal. Biochem., 72, 248-254. 5. Carvalho, S. M., Belzunces, L. P., Carvalho, G. A., Brunet, J. L., Badiou-Beneteau, A., 2013: Enzymatic biomarkers as tools to assess environmental quality: A case study of exposure of the honeybee Apis mellifera to insecticides. Environ.
INTRODUCTION
The honeybee (Apis mellifera) is undoubtedly the economically most important insect. Up to 35 % of the world agricultural production depends upon the pollination of crop plants by bees [9] . The pollination capabilities of bees are directly conditional on the health of honeybee colony. This is the reason why the health of bees is currently a subject of considerable attention. The decreasing tendency of bee keeping and survival of bee colonies is associated with environmental abuse [1] . As a sensitive biosensor of environmental changes, the bee colony reacts even to small deviations caused by pollutants. Sublethal effects of plant protection products can be manifested by the changed behaviour of bees when: searching for food, memory disorders, ability to learn, rejection of food, loss of orientation and similar situations [16, 24] . The flying worker bees directly affected by insecticide may not have enough energy to return to the bee hive [21] . Those which survived the contact with such pollutants carry them back to the hive.
There, the xenobiotics and their residues may be stored for considerable periods and may accumulate in the wax and honey. These compounds which accumulated in the hive, can induce in a short time, negative long-lasting effects on the colony behaviour [12] .
By means of contaminated food and wax, all developmental stages of the honeybee can be exposed to a broad spectrum of xenobiotics. The presence of multiple residues can result in mutual interactions even at sublethal concentrations and cause a permanent "pesticide" stress manifested by delayed development of the larvae or shortened life of the bees [19] .
Reactive oxygen species (ROS) are the side product of aerobic metabolism. The antioxidant system and antioxidant enzymes as its part constitute one of the protective mechanisms against oxidation damage. Antioxidant enzymes are involved in important physiological processes and can affect the health and survival of bees, their cognitive abilities, immune response to pathogens and longevity [5, 15] . If the free radicals are capable of overcoming the protective antioxidant system of the insect, an oxidation stress arises. The potential oxidation damage increases the demands of the insects on oxygen due to their way of life and the food rich in pro-oxidants. Carbamate insecticides cause reversible inhibition of acetylcholine esterase. According to a number of authors the primary toxic effect of carbamates may increase as a result of their ability to generate reactive oxygen species [17, 23] . The action and effects of such insecticides may be elucidated also on the basis of changes in the enzyme system of the exposed individuals.
The aim of this study was to evaluate the effects of oxamyl on the activity of antioxidant enzymes in honeybee larvae under in vitro conditions, 72 hours after their single exposure to this insecticide [18] .
MATERIALS AND METHODS
Honeybee (Apis mellifera carnica) larvae were obtained from three healthy queen-right colonies reared in an experimental apiary of the University of Veterinary Medicine and Pharmacy in Košice, SR, during the summer of 2017. Synchronised first instar larvae were transferred to a laboratory where they were reared under in vitro conditions according to the method of A u p i n e l et al. [2] and OECD 237 [18] . Each experimental group comprised 12 larvae from the transferred colonies (three parallel groups, 12 larvae in each). The larvae were maintained in a 48-well plate in commercial grafting cells of 9 mm inter- 
RESULTS
The aim of this study was to observe the effect of the carbamate insecticide oxamyl on the antioxidant system of With an increasing dose of oxamyl, the specific activity of GST increased. The highest activity (1.006 U·mg -1 ) was determined in larvae exposed to the dose of 10 μg a.i/larva (Fig. 1) .
The products of lipid peroxidation react with thiobarbituric acid to provide coloured products. Their quantity manifests the degree of damage to the lipids due to undesirable oxidative changes. A marked increase in the content of TBARS was observed in the group exposed to the action of oxamyl at a dose of 10 μg a. i./larva (Fig. 2 ).
DISCUSSION
Oxamyl acts as a reversible inhibitor of acetylcholine esterase which results in the accumulation of acetylcholine.
The primary toxic effect of oxamyl may be supported by the development of reactive oxygen species as was described also in association with the action of other carbamates [23] .
The increased production of ROS in insects is associated with the detoxication processes The slight increase in the activity of CAT observed in our experiment (Tab. 1) indicated that the larvae were exposed to higher concentration of hydrogen peroxide originating from the diet or produced following the exposure to xenobiotics, i. e. oxamyl.
The important function of GST involves the detoxification of insecticides and secondary metabolites and protection against oxidative stress [3] . Some GST isoenzymes exhibit peroxidase activity [6] . This activity is especially important for invertebrates because they lack selenium-dependent glutathione peroxidase [25] . The GST of the delta class participate in the resistance of insects to insecticides. The mechanism of this resistance at the metabolic level involves the induction of detoxification enzymes capable of transforming xenobiotics to less toxic and more soluble compounds that can then be eliminated [14] . Our study showed a gradual increase in the activity of GST (from 0.739 to 1.006 U·mg -1 ) with increasing doses of oxamyl in comparison with the control (0.724 U·mg -1 ). An increased specific activity of GST was observed in honeybees exposed to permetrin, deltametrin and flumetrin [20] . The GST of the class sigma showed high affinity to products of lipid peroxidation. Because they are located in the metabolically active tissues of insects, one may assume that these enzymes play an important role in the protection of insects against oxidative stress [7] .
In our study, the activity of enzymes was determined on day D7, 72 hours following the single exposure to oxamyl in homogenates of the larvae in vitro. The characteristic feature of this larval stage is the highest content of lipids [13] . Lipids are considered as molecules most susceptible to oxidative damage. An increased level of TBARS was determined already at the dose of oxamyl reaching 10 μg a. i./ larva. Our results allowed us to conclude that the toxic action of oxamyl involves not only the inhibition of acetylcholine esterase but also the production of ROS. However, the doses of oxamyl caused no damage to the larval tissues.
The adverse effects of pesticides on in vitro larvae was frequently manifested by a decreased survival rate and weight loss [2] . Y a n g et al.
[26] observed that sublethal doses of imidacloprid had no effect on the larvae but interfered with memory and the ability to learn in adult honeybees developed from these larvae.
CONCLUSIONS
The 
